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57) ABSTRACT 
A stress distribution plate, such as a diaphragm for a 
pressure transducer, has a central plane and a neutral 
stress plane. According to the invention, the neutral 
stress plane is displaced from the central plane, provid 
ing for a mechanical advantage or amplification in the 
operation of the stress plate or transducer. The stress 
plate or diaphragm may be provided with a lacunose 
surface region or with a predetermined and preferably 
symmetrical pattern of mesas and recesses for a dis 
placement of the neutral stress plane relative to the 
central plane. 

52 Claims, 51 Drawing Figures 
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1. 

OPTIMIZED STRESS AND STRAIN 
DISTRIBUTION DAPHRAGMS 

CROSS-REFERENCES 5 

This is a division of my copending patent application 
Ser, No. 1,310, filed Jan. 5, 1979, now abandoned, as a 
division of Ser. No. 754,251, filed Dec. 27, 1976 (now 
Pat. No. 4,133,100, issued Jan. 9, 1979) and a continua 
tion-in-part of my copending patent application Ser. 10 
No. 6,086, filed Jan. 24, 1979, now abandoned, and I 
hereby affirm my priority privileges under 35 USC 120 
and 121 for the subject patent application and ensuing 
patent(s). 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The subject invention relates to the translation of 

mechanical forces, such as tension and compression, 
into corresponding electrical signals, and, more specifi- 20 
cally, to beam design, diaphragm structure, transducer 
construction, strain gauge systems, chemical etching or 
milling methods, and various methods for making stress 
distribution plates, beams and diaphragms. 

2. Disclosure Statement 25 
This disclosure statement is made pursuant to the 

duty of disclosure imposed by law and formulated in 37 
CFR 1.56(a). No representation is hereby made that 
information thus disclosed in fact constitutes prior art 
inasmuch as 37 CFR 1.56(a) relies on a materiality con- 30 
cept which depends on uncertain and inevitably subjec 
tive elements of substantial likelihood and reasonable 
ness, and inasmuch as a growing attitude appears to 
require citation of material which might lead to a dis 
covery of pertinent material though not necessarily 35 
being of itself pertinent. Also, the following comments 
contain conclusions and observations which have only 
been drawn or become apparent after conception of the 
subject invention or which contrast the subject inven 
tion or its merits against the background of develop- 40 
ments subsequent in time or priority. 
Various methods have been employed in the past to 

improve the performance of strain gauge/diaphragm 
type pressure transducers, particularly with respect to 
the location of the strain gauges bonded to the dia- 45 
phragm to measure the tensile (expansion) and compres 
sive (contraction) strain of the diaphragm when it is 
subjected to stress in the form of pressure exerted 
against the diaphragm. Unfortunately, many of such 
prior manufacturing techniques have become impracti- 50 
cal due to the increasing cost of manufacture and the 
complicated steps that have been employed. Also, many 
prior devices suffer from inherent instability and a rela 
tively low output of the strain gauges. 
These problems are particularly acute in connection 55 

with low pressure/small diameter diaphragm type 
transducers which incorporate integrally bonded strain 
gauges on the diaphragms. The size of the gauges and 
their location on the diaphragm are of primary impor 
tance in connection with output/input efficiency, 60 
stability/time performance, and the effort to obtain 
linearity and to minimize hysteresis problems. 

Ideally, the center of one or more strain gauges is 
placed to coincide with the center of the maximum 
amplitude of the tensile strain locations, and another set 65 
of gauges is attempted to be placed to overlie a corre 
sponding center for maximum amplitude of compres 
sive strains. In the past a primary problem has arisen 
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2 
with the maximum compression amplitude which is 
typically at the very outer edge of a conventional dia 
phragm. Those methods which have sought to distrib 
ute this maximum compressive strain location inwardly 
toward the center have invariably added excessively to 
the cost of the process and are therefore rather imprac 
tical as well as somewhat unreliable. 
Some references of interest are mentioned below in 

the context of FIGS. 1 to 5 and other parts of the draw 
ings. These references are of record in the parent appli 
cations and are herewith incorporated by reference 
herein. 

Further references are also of record or on file in the 
parent applications and are herewith incorporated by 
reference herein. By way of example, these include U.S. 
Pat. No. 3,335,381 by M. Di Giovanni, and U.S. Pat. 
No. 3,341,794, by C. K. Stedman, utilizing a boss center 
section supported by an annular flexure region having 
strain gauges located thereon. . 
Such prior proposals provide only localized high 

stress areas, but provide no significant mechanical am 
plification. 

Also, the proposals just discussed are limited in terms 
of manufacture to conventional machining, being time 
consuming and expensive and being restricted in terms 
of minimum attainable diaphragm thickness. Because 
the large central boss or mass places such transducers 
into the category of accelerometers they are generally 
useless for dynamic pressure measurements. 

Further references of record or on file in the parent 
applications, including U.S. Pat. No. 4,050,049, by A. P. 
Youmans, U.S. Pat. No. 4,071,838, by B. Block, and 
U.S. Pat. No. 4,144,516, by H. E. Aine, are limited in 
terms of photolithographic and etching techniques on 
silicone wafers and other solid-state materials. 

Reference may also be had to U.S. Pat. No. 3,049,685, 
by W. V. Wright, which shows a diffused silicon beam 
transducer lacking mechanical amplification. 

SUMMARY OF THE INVENTION 

It is a general object of this invention to overcome the 
disadvantages and satisfy the needs set forth or implicit 
in the above disclosure statement or in any other part 
hereof, 

It is a germane object of this invention to provide 
improved stress distribution plates, beams and dia 
phragms, notably for transducers. 

It is a related object of this invention to provide im 
proved methods of manufacturing stress distribution 
plates, beams and diaphragms, notably for transducers. 

It is also an object of this invention to provide im 
proved pressure and other transducers and improved 
methods for making same. 

It is a related object of this invention to increase the 
output of stress distribution plates, beams and dia 
phragms, particularly in low-range transducers. 

It is also an object to improve long-term drift and 
stability characteristics in stress distribution plates, 
beams, diaphragms, pressure transducers and the like. 

It is also an object of this invention to upgrade fre 
quency response characteristics of stress distribution 
plates, diaphragms, beams and transducers. 

It is a related object of this invention to provide me 
chanical advantage or amplification by displacing the 
neutral stress plane in stress distribution plates, beams 
and diaphragms relative to the central plane and away 
from strain gauges or other sensing elements. It is a 
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germane object of this invention to decrease the re 
quired magnitude and to increase the quality, including 
linearity and stability, of transducer output signal ampli 
fication by effecting a substantial mechanical amplifica 
tion in the output signal generation. 

It is also an object of the present invention to simplif 
the method of manufacture of diaphragm plates while at 
the same time altering the strain characteristics of the 
diaphragm. More specifically, it is an object of the in 
vention to employ chemical milling techniques to etch 
predetermined designs on one side of the diaphragm. 
Another object of this invention is to provide a 

method for chemically etching several hundred dia 
phragms simultaneously on a single piece of sheetstock. 
A related object is to etch a central depression on one 
face of the diaphragm to a thickness half the surround 
ing thickness of the remaining sheetstock surface. 
Another object of this invention is to chemically etch 

the outer edge outline of the diaphragm plate from both 
sides while etching the central portion from one side so 
that the completion of the outline etching occurs at the 
same time the central etching has passed half way 
through the plate wall. 
A related object of this invention is to etch the central 

portion of a first diameter spaced inwardly from the 
inner wall location of the diaphragm spacer, and to 
provide cutouts extending into said outer portion to 
receive strain gauges thereon. 
Further purposes, objects, features and advantages of 

the invention will become apparent in the further 
course of this disclosure. 
While the present invention is suceptible to modifica 

tions and alternative constructions, illustrative embodi 
ments are shown in the drawings and will be described 
in detail herein below. It should be understood, how 
ever, that it is not the intention to limit the invention to 
the particular form disclosed; but on the contrary, the 
invention is to cover all modifications, equivalences and 
alternative constructions falling within the spirit and 
scope of the invention as expressed in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWENGS 

The subject invention and its various aspects and 
objects will become more readily apparent from the 
following detailed description of preferred embodi 
ments thereof, illustrated by way of example in the 
accompanying drawings, in which like reference nu 
merals designate like or functionally equivalent parts 
and in which: 

FIG. 1 is a top plan view showing the tension and 
compression zones on a conventional prior art dia 
phragm; 

FIG. 2 is a partially schematic sectional view taken 
along line 2-2 in FIG. 1 showing a typical stress curve 
for the diaphragm under pressure, superimposed over 
its actual movement; 
FIG. 3 is a top plan view similar to FIG. 1; 
FIG. 4 is a sectional view taken along line 4-4 in 

FIG. 3 showing the relation between a typical stress 
curve and the location of the strain gauges to monitor 
the results of such stress; 
FIG. 5 is a top plan view showing the tension and 

compression zones on a different prior art diaphragm; 
FIG. 6 is a sectional view taken along line 6-6 in 

FIG. 5 showing the relation between a typical stress 
curve and the location of the strain gauges to monitor 
the results of such stress; 
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4. 
FIG. 7 is a perspective view of a presently preferred 

embodiment of the improved diaphragm of the present 
invention; 
FIG. 8 is a sectional view taken along the line 8-8 in 

FIG. 7; 
FIG. 9 is a top plan view showing the tension and 

compression zones on the diaphragm of FIG. 7; 
FIG. 10 is a partially schematic sectional view taken 

along line 10-10 in FIG. 9 showing a stress curve for 
the improved diaphragm under pressure, superimposed 
over its actual movement; 
FIG. 11 is a sectional view of the improved dia 

phragm of FIG. 7 showing the relation between a stress 
curve and the location of the strain gauges to monitor 
the results of such stress; 
FIG. 12 is a partial sectional view showing a trans 

ducer incorporating the improved diaphragm of the 
present invention; 
FIG. 13 is a sectional view taken along line 13-13 in 

FIG. 12 which also shows an analogous Wheatstone 
bridge circuit; 

FIG. 14 is an enlarged schematic sectional view 
showing a typical curve for a prior-art cantilever beam 
or diaphragm; 

FIG. 15 is a top plan view of a cantilevered beam 
having recesses to displace the neutral plane according 
to an embodiment of the subject invention; 

FIGS. 16a, 16b and 16c are sectional views taken 
along line 16-16 of the cantilevered beam of FIG. 15 
showing the beam with a downward force applied to it 
and with an upward force applied to it; 
FIGS. 16d and 16e are enlarged schematic sectional 

views of the indicated portions of FIGS. 16b and 16c, 
respectively, showing the stress experienced by the 
beam; 
FIGS. 17 and 17a are schematic sectional view of a 

diaphragm in the nonpressurized and pressurized states, 
respectively; 
FIGS. 18 and 18a are schematic sectional views of a 

beam-diaphragm mechanism in the non-pressurized and 
pressurized states, respectively; 
FIGS. 19 and 20 are sectional views of a diaphragm 

and beam activated pressure transducer illustrating the 
tetra planar feature of my invention; 
FIG. 21 is a top plan view of a diaphragm showing a 

preferred embodiment of a pattern of recesses and 
mesas to optimize the performance or the diaphragm; 
FIG.22 is a sectional view taken along line 22-22 of 

FIG. 21, wherein the tension and compression forces on 
the upper surface of the diaphragm are illustrated by 
dotted lines; 
FIG. 23 is an enlarged plan view of the central por 

tion of FIG. 21; 
FIG. 24 is a sectional view taken along line 24-24 of 

FIG. 23; 
FIG. 25 is a top plan view of a diaphragm showing a 

second preferred embodiment of my invention; 
FIG. 26 is a sectional view taken along line 26-26 of 

FIG. 25, wherein the tension and compression forces on 
the upper surface of the beam of the diaphragm acti 
vated pressure transducer are illustrated by dotted lines; 
FIG. 27 is a sectional view taken along line 27-27 of 

FIG.25; 
FIG. 28 is a top plan view of yet another preferred 

embodiment of my invention; 
FIG. 29 is a sectional view taken along 29-29 of 

FIG. 28, wherein the tension and compression forces on 
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the upper surface of the beam have been superimposed 
by dotted lines; 
FIG. 30 is a sectional view taken along line 30-30 of 

FIG. 28; 
FIG. 31 is a top view of a diaphragm according to a 5 

further embodiment of the subject invention; 
FIG. 32 is a section taken along line 32-32 in FIG. 

31; 
FIG. 33 is a top view of a diaphragm according to a 

further embodiment of my invention; 10 
FIG. 34 is a section taken along line 34-34 in FIG. 

33; 
FIG. 35 is a top view of a diaphragm according to a 

further embodiment of my invention; 
FIG. 36 is a section taken along line 36-36 in FIG. 15 

35; 
FIG. 37 is a top view of a diaphragm according to a 

further embodiment of my invention; 
FIG. 38 is a section taken along the line 38-38 in 

FIG. 37; 20 
FIG. 39 is a top view of a diaphragm according to a 

further embodiment of my invention; 
FIG. 40 is a section taken along the line 40-40 in 

FIG. 39; 
FIG. 41 is a top view of a diaphragm according to a 25 

further embodiment of my invention; 
FIG. 42 is a section taken along the line 42-42 in 

FIG. 41; 
FIG. 43 is a top view of a diaphragm according to a 

further embodiment of my invention; 30 
FIG. 44 is a section taken along the line 44-44 in 

FIG. 43; and 
FIG. 45 is a section taken along the line 45-45 in 

FIG. 43. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

By way of background, FIGS. 1 and 2 illustrate a 
classical clamped edge diaphragm transducer including 
tensile strain gauges 20 and compressive strain gauges 40 
22 mounted on the rearward surface of a circular, 
clamped edge diaphragm plate. More specifically, the 
tensile strain gauges 20 are mounted inside a boundary 
line 24 which circumscribes a tension zone 26 in which 
the diaphragm plate expands when subjected to pres- 45 
sure on the forward face of the plate. Compressive 
strain gauges 22 are sought to be mounted between line 
24 and a line 28 which define or bound a compression 
zone 30 in which the diaphragm plate compresses and 
contracts when subjected to pressure on the forward 50 
face thereof. 

In terms of maximum sensitivity, it would be advanta 
geous to locate the center of the sensorportion 31 of the 
gauge directly over the point of maximum amplitude of 
the particular strain characteristic being measured, such 55 
as tension or compression. However, as seen in FIG. 2, 
the interior spacer or housing wall 32 in effect serves as 
a barrier making it impossible to properly locate the 
compressive strain gauges 22. In this respect, the inte 
rior spacer or housing wall 32 is integral with the 60 
clamped edge diaphragm and defines the circular line 
28 which is the outer boundary of the compressive zone 
30. As also seen in FIG. 2, the application of pressure to 
the front or forward face 34 of the diaphragm creates a 
strain in the diaphragm plate manifested by tension on 65 
the rear face 36 which reaches a maximum amplitude at 
point 38, and further manifested by compression of the 
plate which reaches a maximum compression amplitude 

35 

6 
point 40; that is, along the line 28 defined or immedi 
ately adjacent the interior spacer or housing wall 38. 
The inevitable spacer or housing wall 32 of the illus 

trated classical clamped edge diaphragm transducer 
structure thus renders it impossible to place the center 
of any sensor portion directly over the point of maxi 
mum compression amplitude 40. 
The showing of FIGS. 1 and 2 is juxtaposed on a 

reduced scale in FIGS. 3 and 4 to the showing, in FIGS. 
5 and 6, of a conventional modification of the classical 
design described above with reference to FIGS. 1 and 2. 

In particular, the conventional modification accord 
ing to FIGS. 5 and 6 provides a new or shifted maxi 
mum compression amplitude point 40 with the aid of a 
beveled edge 44 and a thickened spacer or housing wall 
at 46 changing the classical center plane 42 of the dia 
phragm plate shown in FIG. 2 and enabling positioning 
of the sensorportion 31 of the strain gauges 22 over the 
maximum stress point 40. 

In practice, this and similar measures to increase sen 
sitivity, such as illustrated in U.S. Pat. No. 3,325,761 by 
W. H. McLellan, and U.S. Pat. No. 3,434,090, by H. 
Chelner, typically require implementation by expensive 
and often complex machining, imposing a natural limita 
tion on attainable minimum diaphragm thickness. 

In this respect, high-pressure transducers can tolerate 
a relatively thick diaphragm. Also, prior-art devices 
have sometimes increased the thickness of the dia 
phragm in order to increase long term stability. This, 
however, has resulted in decreased strain output for a 
given pressure range, with thickness, t, being related to 
pressure, P, through the intermediary of a constant, K, 
according to the basic equation: 

(1) - KWP 

Referring to FIGS. 1 and 2, equation (1) applies well 
to the classical clamped edge circular diaphragm of 
uniform thickness, wherein the center plane 42 divides 

, the tension (T) and compression (C) stresses so that they 
are approximately equal on each side of such central 
plane (CP). 

In the case of lower pressure ranges, such as ranges 
below 1000 mmHg (for example 0 to 300 mmHG re 
quired for physiological pressure transducers), the ratio 
of the thickness of the strain gauges to that of the dia 
phragm itself becomes significantly larger than in the 
case of higher pressure ranges, and the distance from 
the strain gauge to the center plane 42 (CP) becomes 
smaller, yielding a smaller and less stable output. 
From one aspect thereof, the subject invention in 

effect provides the advantage shown in FIG. 6 without 
incurring the disadvantages associated with that con 
ventional design. 

In particular, the subject invention, from one aspect 
thereof, provides as shown by way of example in FIGS. 
7 to 11 an improved transducer diaphragm suitable for 
mounting around its periphery to a cylindrical spacer, 
such as the spacer or housing portion 32 shown in 
FIGS. 10 and 11. The diaphragm according to the cur 
rent aspect of the invention, comprises a plate having an 
even back surface and a multilevel front surface, includ 
ing an upper lever seen at 36 spaced from the back 
surface and a lower level shown at 50 and being closer 
to the back surface as seen in FIG. 8 than the upper 
level. The multilevel front surface includes at least two 
symmetrically positioned rear portions 54 at said lower 
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level overlying a maximum strain amplitude section of 
the plate (see 40 in FIGS. 10 and 11). A strain gauge is 
mounted on the lower level of the multilevel front sur 
face in, or extending into, each of the recesses 54, as 
seen in FGS. 9 to 11. 
The expressions "front surface,” “back surface,' 

"forward face,” “rearward surface,” and expressions of 
like import are, of course, relative expressions and may, 
therefore, be interchangeably employed. For instance, 
the diaphragm just described is, according to a pre 
ferred embodiment of the subject invention, intended to 
measure pressure exerted against the mentioned back 
surface, and a strain gauge 31 is mounted in the recess 
portions 54 which overlie a maximum compression 
strain amplitude section 40 of the plate. 
From a similar aspect thereof, the subject invention 

provides an improved transducer diaphragm compris 
ing an outer peripheral portion 48 having a thickness 
greater than and separated by a boundary 52 from its 
central sensory portion 50. The boundary 52 defines at 
least one offset 54 of the central portion 50 extending 
into and partially bounded by the peripheral portion 48 
for receiving a strain gauge 31 which can be mountable 
solely on the central sensory portion having a thickness 
smaller than the outer peripheral portion 48 and sub 
stantially overlying the location of maximum compres 
sion amplitude 40 of the diaphragm. 
According to the preferred embodiment of the inven 

tion illustrated in FIGS. 7 to 11, there are at least two 
offsets 54 at the central portion 50 on opposite edges of 
the diaphragm. In other words, the two offsets or 
notches 54 preferably are diametrically opposite from 
each other. 
From another aspect thereof, the subject invention 

provides a method of making a transducer diaphragm 
employing a chemical etching process in combination 
with a masking technique to control the thickness and 
the diameter of the active area of the diaphragm, such 
diaphragm being designed for carrying strain gauges 
bonded on one face of the diaphragm within the inside 
edge of an annular support wall 32. The invention ac 
cording to the currently discussed aspect thereof re 
sides, more specifically, in the improvement comprising 
an etching process including the step of etching one 
face of the diaphragm to chemically mill out a central 
recess 50 which forms the active portion of the dia 
phragm as defined by an outer boundary and having a 
uniform thickness within the boundary with the diame 
ter of the central recess appreciably less than the inner 
diameter of the annular support wall 32 to displace the 
active portion of the diaphragm inwardly from the 
inside edge of the annular support wall, and to chemi 
cally mill a peripheral notch 54 extending from the 
central recess 50 into the non-active portion of the dia 
phragm for receiving a compression-sensitive strain 
gauge 31. 

In accordance with a preferred embodiment, the 
etching step includes chemically milling a central recess 
50 having a diameter which is essentially 75-80% of the 
inner diameter of the annular support wall 32. 
According to the illustrated preferred embodiment 

shown in FIGS. 7 to 11, the etching step includes chem 
ically milling a pair of peripheral notches displaced 180" 
apart. 
By way of example, the mentioned etching step in 

cludes milling the central recess 50 on one face of the 
diaphragm and simultaneously milling the marginal 
edges 54 of the diaphragm on opposite faces of the 
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8 
diaphragm to achieve a uniform thickness for the cen 
tral recess which is essentially one-half the thickness of 
the non-active portion or circular edge of the dia 
phragm. 

Generally speaking, the chemical milling process is 
not limited to circular geometry and therefore lends 
itself to other geometrical patterns more advantageous 
in achieving an optimized diaphragm construction. By 
way of recapitulation, in the conventional clamped 
edge diaphragm the center plane is the neutral zone 
when pressure is applied within the range of the trans 
ducer (see FIG. 2). The distribution of the tension and 
compression strain and their amplitudes on the inside 
surface is well known as shown. The performance prob 
lems arise from the fact that it is physically impossible to 
place the compression gauges at the optimum location 
(see FIGS. 2 and 4). Other methods and designs have 
overcome this problem at increased unit cost (see FIGS. 
5 and 6). 
Chemical milling (i.e., etching), was discovered to be 

a unique solution of this problem and at a substantial 
reduction in cost of manufacturing. Several hundred 
diaphragms can be milled simultaneously on a single 
piece of sheet stock of the proper material twice the 
thickness of the final diaphragm thickness. 
Known photo-lithographic masking techniques are 

used to generate the dimensions and pattern desired 
from the applicable blueprint. The outline is etched 
from both sides to the center plane. The inside of the 
diaphragm is etched to a diameter 75-80% of the inside 
diameter of the supporting wall (spacer) to the center 
plane, and including in the illustrated embodiment two 
cut-outs at the periphery 180 apart to accommodate 
one end of each of the compression gauges (see FIG. 9). 
Subsequently when the gauges are bonded to the dia 
phragm, the ends of the compression gauges are then 
positioned in the neutral zone in the cut-outs near the 
edges (see FIG. 10), Through the etching process of the 
center portion of the diaphragm the center plane is 
shifted to a new location for that portion of the dia 
phragm which is in the center plane of the half thickness 
remaining (see FIGS. 10 and 11). 
The welding process takes place between the etching 

and the application of the gauges, and is detailed in my 
copending patent application Ser. No. 71,807, entitled 
Transducer Diaphragm Elements and Methods and 
Apparatus for Making Same. 
The currently discussed aspect of the invention 

etches a decreased thickness portion or depression 50 
within a boundary 52 which has one or more symmetri 
cally spaced cut-outs 54. This causes a new neutral 
plane or center line 56 to create a maximum compres 
sion amplitude point which can be accurately and pre 
cisely monitored by the sensor portion 31 of a strain 
gauge 22 mounted on the rearward face of the plate and 
partially extending into the cut-outs or notches offset 
from the main central portion. 
Even though this exemplary embodiment provides 

for both the compression and expansion strain gauges to 
be mounted within the depressed portion of the plate, 
the unique application of the etching technique can be 
used to provide a multi-layer face on a diaphragm plate 
in a predetermined pattern such that certain of the sen 
sors could be placed on the raised or thicker portion of 
the plate. 

Also, even though this illustrated embodiment has the 
monitor spaces on the rearward face of the plate on the 
side opposite to where the pressure is being exerted, it is 
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within the scope of the invention to mount the strain 
gauges on the level face of the plate in order to achieve 
the optimum monitoring position for the gauges. 
FIGS. 12 and 13 illustrate the structural mounting 

and electrical wiring typically employed with the pres 
ent invention in combination with the improved plate 
monitoring features described above. In particular, the 
four strain gauges, having variable resistances R1 to R4, 
are bonded at select locations as herein disclosed, and 
their leads are connected to form the classical Wheat 
stone bridge (WB) which translates the diaphragm de 
flection caused by the pressure (P) into a directly pro 
portionate electrical analog signal (SIG) at a given exci 
tation voltage (EXC) to the bridge. 

It will be appreciated by those skilled in the art that 
the invention enables the strain gauge sensor to be 
placed on a diaphragm in an optimum position to mea 
sure the action or activity of the diaphragm when it is 
subjected to pressure directed against one side thereof. 
As described, the invention preferably uses two sen 

sors symmetrically positioned relative to the edge of the 
diaphragm where it connects at its outer boundary in 
order to accurately monitor the movement of both 
edges of the diaphragm. Thus, as one portion of the 
diaphragm contracts while other portions of the dia 
phragm expand, the invention provides two different 
ways of accurately measuring the same phenomenon; 
namely, the pressure being exerted against the surface 
of the diaphragm. In contrast to conventional construc 
tion, it is possible to position the sensors directly over 
the portions of the diaphragm where maximum contrac 
tion and/or maximum expansion occur. In this regard, it 
is the notches or offsets which have been etched around 
the periphery of the diaphragm which enable the sensor 
to be positioned so that the central portion of the sensor 
directly overlies that part of the diaphragm which has 
the most flexing movement in terms of maximum com 
pression. 
By way of further background, FIG. 14 shows a 
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fraction of a conventional diaphragm (see FIG. 2) or of 40 
a conventional cantilevered beam in which the central 
plane (CP) 42 is midway between the upper surface 36 
and the lower surface 38, and in which the neutral stress 
plane (NP), as usual, is coincident with the central plane 
(CP). The neutral plane (NP) may be defined as the 
plane separating the tension and compression functional 
components of a diaphragm or beam. Reference may in 
this respect be had to the above mentioned U.S. Pat. 
No. 3,049,685, by W. V. Wright, which in its FIG. 3 
shows the equal or non-amplifying compression and 
tension stress relationship in a conventional beam hav 
ing coinciding central and neutral axes or planes. 

It may be seen from FIG. 14 that the magnitude of the 
tension (T) and the compression (C) components in 
creases with increasing distance from the neutral plane 
(NP). In the classical transducer diaphragm shown, for 
instance, in FIG. 2, and in conventional cantilever 
beams, the tension (T) and compression (C) components 
are essentially equal in magnitude (T=C) and the neu 
tral stress plane (NP) coincides with the central plane. 

Against this background, the subject invention pro 
vides a method of manufacturing a stress distribution 
plate for a pressure transducer having a central plane 
(CP) and a neutral stress plane (NP), and resides in the 
improvement comprising displacing the neutral stress 
plane (NP) from the central stress plane. The subject 
invention provides a stress distribution plate for a pres 
sure transducer having a central plane (CP) and a neu 
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10 
tral stress plane (NP), with the neutral stress plane (NP) 
being displaced from the central plane (CP). 
According to an aspect of the subject invention, cer 

tain conditions may be changed or altered so that the 
resultant magnitude of the tension (T) and compression 
(C) are increased or amplified, providing an increased 
strain output which may be used advantageously as it 
occurs. Alternatively, we may choose to increase the 
total thickness dimension for greater stability, without 
sacrificing strain output for a given pressure range. 
Reference may in this respect be had to the above equa 
tion (1) and its accompanying text. If desired, both an 
increased strain output and an increase in the total thick 
ness dimension of the diaphragm or stress distribution 
plate may be achieved according to preferred embodi 
ments of the subject invention. 

Referring now to FIGS. 15 and 16a, there is shown a 
cantilevered beam 61 affixed to a wall support 62. The 
cantilevered beam 61 has an upper surface 63 having a 
plurality of recesses 64 therein. In contrast to prior-art 
structures having occasional recesses for stress concen 
tration, the recesses 64 on the cantilevered beam 61 or 
on a transducer diaphragm are sufficiently frequent to 
justify use of the adjective "lacunose' for the surface 63 
or generally for the beam 61 or equivalent diaphragm. 
The English dictionary word "lacunose' in this respect 
stems from the Latin word lacunosus, meaning "full of 
lacunae.' Lacunae, on the other hand, are defined as 
recesses, spaces, cavities and depressions. By way of 
illustration, reference may, in this respect, be had to the 
lacunaria on the inside of the cupola of the Pantheon in 
Rome and the coffer vault of the Basilica of Constantine 
in Istanbul, characterized by a multitude of depressed 
panel regions. However, the subject invention and its 
embodiments are not limited to such architectural 
forms, as may, for instance, be seen in the further course 
of the subject disclosure. 
According to the currently discussed aspect of the 

subject invention, the lacunae 64 or the lacunose nature 
of the surface 63 or beam 61 effect a displacement of the 
neutral stress plane (NP) relative to the central plane 
(CP) in a beam or equivalent diaphragm, with corre 
sponding changes in the tension (T) and compression 
(C) component relationships. 
The term "isogrid structure' may also be employed 

in connection with stress distribution plates, beams and 
diaphragms of the subject invention (cf. Paul Slyth, The 
Isogrid, King of Lightweight Design, MACHINE DE 
SIGN, Apr. 19, 1973, pp. 102-107). 
As seen in FIGS. 16b to 16e, the neutral stress plane 

(NP) is shifted away from the central plane (CP) toward 
the lower surface 65, to be located between the central 
plane and such lower surface. In particular, the neutral 
plane (NP) is displaced from the central plane (CP) by 
a distance AM. 
When a downwardly directed force is applied to the 

beam 61 as shown in FIG. 16b, the resultant tension (T) 
on the upper surface 63 will be amplified as shown in 
FIG. 16d due to the downward displacement of the 
neutral plane (NP) relative to the central plane (CP) by 
a distance equal to AM. Similarly, when an upper force 
is applied to the beam 61 as shown in FIG. 16c, the 
resultant compression (C) is also amplified as seen in 
FIG. 16e due to the mentioned downward displacement 
of the neutral plane (NP) relative to the central plane 
(CP) by the distance AM. 
As shown by way of example at 31 in FIG. 15, strain 

gauges are bonded to the diaphragm or beam 61 in 
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coincidence with regions or isthmi located between 
lacunae 64 of the lacunose surface region 61. This, for 
instance, distinguishes the illustrated preferred embodi 
ments from such proposals as advanced in U.S. Pat. No. 
3,520,191 by Hsai-Si Pien, and U.S. Pat. No. 4,103,273, 
by H. W. Keller, where strain gauges are bonded in 
coincidence with recesses or depressions. 
The expressions "diaphragms,' 'beams,' 'stress dis 

tribution plates' and expressions of like import are 
herein interchangeably used and are intended to signify 
in the subject disclosure and in the claims like and func 
tionally equivalent parts and structures. 

In the practical application of the principles herein 
disclosed, diaphragms, beams and stress distribution 
plates can now be manufactured in multiples from ap 
propriate thicknesses of sheetstock or metal, employing 
photo-lithographic masking techniques and chemical 
milling to selectively etch any predetermined pattern of 
equal or unequal geometry on each side or simulta 
neously on both sides of the center plane (CP) of the 
material. Simultaneous etching on both sides of the 
material may proceed at the same rate. Reference may 
in this respect be had to my etching methods set forth 
above, as well as to the disclosure of my U.S. Pat. No. 
4,133,100 issued Jan. 9, 1979 for Method of Making 
Diaphragm of Optimized Stress and Strain Distribution, 
which is herewith incorporated by reference herein and 
from which the subject application or patent claims 
priority under 35 USC 120 and 121. 

Additional features of my invention concern the dis 
covery or invention of designs and patterns for dia 
phragms and beam which result in a displacement ge 
ometry, with pressure or force, of a tetra planar config 
uration which intrinsically tends to generate nearly 
equal stress levels of the compression and tension com 
ponents of the system, though being not necessarily 
restricted to such a feature. 
By way of background, the magnitude of stress levels 

may be graphically represented by angles shown in 
FIGS. 17, 17a, 18 and 18a. 

In particular, FIGS. 17 and 17a diagrammatically 
show a diaphragm 57 clamped to an interior wall 62, 
without pressure applied and with pressure applied, 
respectively. Similarly, FIGS. 18 and 18a show a beam 
68 abutting and activated by a diaphragm 67. Such 
diaphragm and beam 68 are shown without external 
pressure applied (FIG. 18) and with external pressure 
applied (FIG. 18a), respectively. 

Pursuant to elementary geometry, the angle a is equal 
to twice the angle b in FIG. 17a. Therefore, the tension 
output (T) is nominally twice the compression output 
(C) and thus increases the bridge impedance directly 
proportional to pressure or force when a Wheatstone 
bridge circuit is employed as the sensing agency of the 
strain gauge components. 

In the arrangement of FIG. 18a, the compression 
sensing elements must be mounted on the upper side of 
the beam 68, and the tension sensing elements directly 
opposite on the lower side of the diaphragm 67. Also, 
the compression sensing elements and the tension sens 
ing elements nominally have equal output. In terms of 
subsequent processing or even in terms of manufacture, 
it is, however, frequently not expedient to mount the 
different gauges on different sides or to mount the lower 
gauges in a relatively inaccessible location. This is par 
ticularly disadvantageous when high temperature pro 
cesses are required, such as welding, brazing or heat 
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treating, in the manufacture or processing of the trans 
ducer. 
According to preferred embodiments of the subject 

invention, the problems illustrated with the aid of 
FIGS. 17a and 18a are overcome by management of the 
stress and strain locations, preferably by means of prop 
erly located relatively rigid and compliant sections or 
areas in a geometrical manner whereby stress concen 
tration locations are optimized, the tension and com 
pression strain gauges are all on one side of the beam 
structure or diaphragm, the compression and tension 
outputs are equalized for the maintenance of an ideally 
stable bridge impedance condition throughout the en 
tire pressure/force range of the transducer. A further 
important feature includes the shifting of the neutral 
stress plane (NP) away from the sensing elements or 
strain gauges and the central plane (CP) whereby to 
effect a calculated mechanical advantage or amplifica 
tion providing an increased transducer output or alter 
natively allowing an increase in beam or diaphragm 
thickness for increased stability, without the type of 
output loss penalty incurred with prior-art devices 
when the beam or diaphragm thickness was increased. 
To the contrary, the structures of my invention are 
more rigid and stable, enhancing the ultimate perfor 
mance and stability of my transducers. 
As a result of the lacunose diaphragm or beam struc 

ture or the plurality of recesses provided according to 
my invention, my beams and diaphragms present a ligh 
ter structure, which improves the frequency response 
characteristic of the beam or diaphragm because of a 
reduced mass. In fact, embodiments of my invention 
permit very significant mass reductions because of the 
relatively high stiffness afforded by lacunose or isogrid 
type structures of the kind herein disclosed. A further 
advantage of my shift of the neutral plane relative to the 
central plane will appear from FIGS. 19 and 20. 
Sample graphic illustrations of tetra planar beams and 

diaphragms according to an aspect of my invention are 
shown in FIGS. 19 and 20. In these diaphragm designs, 
the angle a is made equal to the angle b, rather than 
being twice as high as in FIG. 17a. In other words, the 
beam, diaphragm or plate shown in FIGS. 19 and 20 has 
a tetraplanar configuration, with a portion of the plate 
between a first plane and a second plane of the tetrapla 
nar configuration sloping at like angles a and b to these 
first and second planes. Since the two angles a and b are 
nominally equal, the compression (C) and the tension 
(T) components are nearly equal. The double end sup 
ported beam shown in FIG. 20 may, if desired, be 
formed as a single end supported or cantilevered beam. 

In either case, the fact that the angle a is equal to the 
angle b in the embodiments of FIGS. 19 and 20 and in 
the single end supported beam just mentioned provides 
for an equalization of the compression and tension out 
puts to maintain a stable bridge impedance condition 
throughout the pressure/force range of the transducer. 
As also shown in FIGS. 19 and 20, my preformed dia 
phragm and beam structures also provide for a shifting 
of the neutral plane (NP) relative to the central plane 
(CP) whereby the mechanical advantage or amplifica 
tion explained above with the aid of FIGS. 16d and 16e 
is again realized. In the embodiments of FIGS. 19 and 
20, the tension and compression sensing elements or 
strain gauges may be located on the upper surface of the 
diaphragm or beam. 
Next referring to FIGS. 21 to 30 collectively, there 

are shown therein three preferred embodiments of my 
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invention. For the sake of simplicity, all three will first 
be discussed jointly. 

In particular, a stress distribution plate or diaphragm 
71 having a pattern of mesas 72 and recesses 73 formed 
on one surface thereof is shown supported by conven 
tional means, such as an edge clamping spacer or hous 
ing 32. 

Overlying the surface of the plate at predetermined 
areas of the mesas are a plurality of strain gauges 74 for 
measuring the tension and compression forces in these 
predetermined areas. The areas whereon the strain 
gauges are located are thoses wherein the compression 
and tension forces are equal and are a maximum so as to 
maximize the output of the strain gauges and to have 
them in balance in the Wheatstone bridge, which is the 
customary manner of electrically connecting the strain 
gauges so as to measure the pressure. 
As force is applied to the plate 71 the tensions and 

compression forces which are illustrated by dotted 
curves in FIGS. 22, 26 and 29 act upon the strain gauges 
74, thus producing the electrical outputs which corre 
spond to the force applied. 
The plates shown in FIGS. 25 to 30 are of the beam 

type wherein the force transmitted to the plate 71 is 
transferred from a pressure sensing element 76 to the 
plate 71 by means fo a force transfer beam or rod 77. As 
will be understood by those having ordinary skill in the 
art, the plates in the beam-type pressure transducers 
shown are mounted in a conventional manner within 
the pressure transducer housing. 
By way of example, the plates 71 of my invention 

may be mounted in a manner well known to those hav 
ing ordinary skill in the art within conventionally de 
signed pressure transducer housings and are electrically 
connected in a manner also well known to those having 
ordinary skill in the art for monitoring of the electrical 
output of the strain gauges as a function of the force 
applied to the diaphragm plate. 

In terms of FIG. 21 et seq. and with reference to 
FIGS. 15 to 16c it may be said that the plate 71 is pro 
vided with a first surface 63 and a second surface 65 at 
opposite sides of a central plane (CP) and the plate 71, 
and with a predetermined pattern of mesas and recesses 
72 and 73 on the first surface displacing the neutral 
stress plane (NP) from the central plane. The mesas 72 
are preferably provided with surface areas located on 
the first surface 63 to produce maximum areas of tension 
and compression in predetermined areas of the first 
surface 63 when the plate 71 is under stress. 
According to a preferred embodiment of my inven 

tion, the predetermined pattern of mesas 72 and recesses 
73 is provided symmetrically to a central axis of the 
plate 71, as seen in FIG. 23 et seq. The predetermined 
pattern may be provided with recesses 73 displaced 
from a central area 78 of the plate 71. Such displaced 
recesses 73 preferably are provided symmetrically 
about an axis normal to the central axis. 
As seen in FIG. 21 et seq., the predetermined pattern 

may be provided with identical recesses 73 and mesas 72 
on both sides of the central axis of the plate 71. 
Most advantageously, especially for mass production, 

the predetermined pattern of mesas and recesses is 
formed by a chemical etching process. 
A method according to a preferred embodiment of 

the subject invention of making a stress distribution 
plate for use in a pressure transducer resides in the im 
provement comprising, in combination, the steps of 
forming a plate 71 with an upper surface 63 and with a 
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lower surface 65 extending parallel to the upper surface, 
providing a neutral pressure plane coincident with the 
central plane, and concentrating the stress experienced 
by the plate to predetermined areas when the plate is 
flexed, by removing predetermined portions from the 
plate at the upper surface 63 until the neutral plane (NP) 
is displaced from the central plane (CP). The predeter 
mined portions just referred to are preferably removed 
by chemical etching such predetermined portions away 
from the plate at the upper surface 63. 
The currently discussed aspect of my subject inven 

tion thus provides means including the strain gauge 
plate 71 having a plurality of recesses 73 in the first 
surface 63 for displacing the neutral stress plane (NP) 
from the central plane (CP). Strain gauge means or 
elements 74 are mounted on the first surface 63 between 
the recesses 73. For instance, the strain gauge elements 
74 may be connected in a Wheatstone bridge arrange 
ment and may be individually mounted between reces 
ses 73 on the first surface 63. 
FIGS. 31 et seq. illustrate further embodiments of my 

invention. In the description and claims of these em 
bodiments, the expression "transducer diaphragms' is 
frequently employed. As indicated above, such expres 
sion is, however, intended to be broad enough to extend 
to beams and stress distribution plates. 
The transducer diaphragm 81 shown in FIGS. 31 and 

32 may be edge clamped as shown at 82 in FIG. 32. The 
diaphragm 81 has or is provided with a recess 83 en 
compassed by a circumferential edge region 84 of the 
diaphragm. A promontory 85 projects from the edge 
region 84 into the recess 83 and is integral with the 
diaphragm 81. A strain gauge 74 is bonded to the dia 
phragm 81 in coincidence with the promontory. As seen 
in FIGS. 31 and 32, the strain gauge 74 may extend from 
coincidence with the promontory 85 into coincidence 
with part of the edge region 84 adjacent the promon 
tory. 

In the illustrated embodiment, the promontory 85 has 
the form of a peninsula located in the recess 83 and 
connected to the edge region 84 by an isthmus 86. The 
strain gauge 74 is bonded to the diaphragm in coinci 
dence with the isthmus 86 and with adjacent portions of 
the peninsula at 85 and of the edge region 84. In particu 
lar, the center of the sensor 31 may extend along the 
isthmus 86. 
As further seen in FIG. 31, a raised island 87 may be 

located in the recess 83, spaced from the promontory 85 
and from the edge region 84 and integral with the dia 
phragm 81. A further strain gauge 74 is bonded to the 
diaphragm in coincidence with the island 87. 
The spaced island 87 may be provided with an isth 

mus 88 interconnecting two main portions of the island. 
A further strain gauge 74 or a center portion 31 thereof 
is bonded to the diaphragm in coincidence with the 
isthmus 88 of the spaced island 87. 
According to the preferred embodiment of my inven 

tion illustrated in FIGS. 31 and 32, suitable for the pro 
vision of a Wheatstone bridge incorporating the sensor 
74, there is provided, in addition to the first promontory 
85, a second promontory 91 separate from the first 
promontory 85 and projecting from the edge region 84 
into the recess 83 diametrically opposite from the first 
promontory 85. Like the first promontory, the second 

65 promontory 91 is integral with the diaphragm 81. 
In addition to the first strain gauge 74 bonded to the 

diaphragm in coincidence with the first promontory 85, 
there is a second strain gauge 74 bonded to the dia 
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phragm in coincidence with the second promontory 91. 
This second strain gauge also may extend from coinci 
dence with the second promontory 91 into coincidence 
with a second part of the edge region 84 adjacent such 
second promontory. The second promontory 91 also 
may have the form of a second peninsula located in the 
recess 83, spaced from the first peninsula 85, and con 
nected to the edge region 84 by a second isthmus 92. 
The second strain gauge 74 or a central sensor portion 
thereof may then be bonded to the diaphragm 81 in 
coincidence with the second isthmus 92 and adjacent 
portions of the second peninsula 91 and edge region 84. 
As seen in FIG. 31, the raised island 87 is spaced from 

both the first and second promontories 85 and 91, in 
addition to being spaced from the circumferential edge 
region 84 of the diaphragm. 
As further seen in FIG. 31, first and second raised 

islands 87 and 94 may be provided at opposite side of, 
and spaced from, the first and second promontories 85 
and 91. The islands 87 and 94 are also spaced from each 
other and integral with the diaphragm 81. A third strain 
gauge 74 is bonded to the diaphragm in coincidence 
with the first island 87 and a fourth strain gauge is 
bonded to the diaphragm in coincidence with the sec 
ond island 94. The second island 94 also may have an 
isthmus 95 interconnecting two main portions of this 
second island, and the fourth strain gauge 74 may be 
bonded to the diaphragm in coincidence with such 
second insular isthmus 95. 
The embodiment of FIGS. 31 and 32 ideally locates 

stress concentrations enabling all strain gauges 74 to be 
placed on the same side of the diaphragm 81 and equal 
izing the compression and tension outputs to maintain a 
nearly stable bridge impedance condition throughout 
the pressure/force range of the diaphragm or trans 
ducer. Such embodiment also provides for a displace 
ment of the neutral stress plane (NP) away from the 
strain gauges 74 and from the central plane (CP) 
towards the lower surface of the diaphragm as seen in 
FIG. 32. The embodiment of FIGS. 31 and 32 thus 
provides for an amplification of tension (T) and com 
pression (C) components as described above (see FIGS. 
16d and 16e). 
For similar features and advantages, reference may 

also be had to the embodiment of my invention illus 
trated in FIGS. 33 and 34. 

In particular, the transducer diaphragm 97 shown in 
FIGS. 33 and 34 includes a central portion 98 having 
first radial projections 99, and a circumferential edge 
region 84 having second radial projections 100 and 
encompassing the central portion 98 and first radial 
projections 99. A recess 83 in the diaphragm 97 sepa 
rates the central portion 98 and first radial projections 
99 from the edge region 84 and second radial projec 
tions 100. Strain gauges 74 are bonded to the diaphragm 
97 in coincidence with the projections 99 and 100. 
The recess 83 extends perimetrically about the cen 

tral portion 98 and first radial projections 99 and inside 
of the edge region 84 and second radial projections 100. 
The recess 83 may have a sinuous configuration as more 
clearly seen in FIGS. 35 and 36. 

In particular, FIGS. 35 and 36 show a diaphragm 102 
in accordance with a further embodiment of my subject 
invention, in which the first and second projections 99 
and 100 of the central portion 98 and circumferential 
edge region 84, respectively, are interdigitated with 
each other which, incidentally, is also the case in the 
embodiment of FIGS. 33 and 34. 
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As seen in FIG. 35, the central portion 98 and first 

radial projections 100 form a star pattern in the recess 
83. The second radial projections 100 are complemen 
tary with such star pattern. The recess 83 may be pro 
vided by etching material away from the diaphragm 
102. 
The further embodiments of my invention shown in 

FIGS. 37 to 40 provide diaphragms 104 and 105 having 
a circumferential edge region 84 and a raised central 
portion 106 spaced inwardly from the circumferential 
edge region and integral with the diaphragm. Diametri 
cally opposed first and second isthmi 107 and 108 inter 
connect the edge region 84 with the inwardly spaced 
central portions or island 106. Diametrically opposed 
and mutually spaced third and fourth isthmi 109 and 110 
are provided in the central portion 106 and are distinct 
from the first and second isthmi 103 and 108. First, 
second, third and fourth strain gauges 74 are bonded to 
the diaphragm in coincidence with the first, second, 
third and fourth isthmi 107, 108, 109 and 110, respec 
tively. This in similarity to the embodiments of FIGS. 
33 to 36 where strain gauges are individually bonded to 
or in coincidence with projections 99 and 100. 
As seen in FIG. 37, the first and second isthmi 107 

and 108 extend along a diameter of the diaphragm 104. 
Conversely, the third and fourth isthmi 109 and 110 of 
the diaphragm 104 extend in parallel to the latter diame 
ter. 
The first and second isthmi 107 and 108 are formed 

with the aid of first and second recesses 112 and 113 
provided in the diaphragm 104 or 105 between the edge 
region 84 and the central portion or peninsula 106. The 
third and fourth isthmi 109 and 110 in the diaphragm 
104 are provided with the aid of a third recess 114 ex 
tending between the third and fourth isthmi 109 and 110 
in and through a center of the central portion 106 which 
is raised relative to the recesses 112 and 113. In the 
diaphragm 104, the third isthmus 109 is also bounded by 
the first recess 112, while the fourth isthmus 110 is also 
bounded by the second recess 113. In particular, the 
third recess 114 is extended between the first and sec 
ond recesses 112 and 113 to provide the third isthmus 
109 with the aid of the first recess 112 and to provide 
the fourth isthmus 110 with the aid of the second recess 
113. 

Alternatively and as shown in FIGS. 39 and 40, the 
third and fourth isthmi 109 and 110 may be provided 
with the aid of, or may be bounded by, third and fourth 
recesses 116 and 117 provided and extending in the 
central portion 106 inside of the first and second reces 
ses 112 and 113. 
The embodiment of my invention shown in FIGS. 41 

to 45 are related or bear a strong resemblance to the 
embodiment shown in FIGS. 15 to 16e having lacunose 
surface regions for shifting the neutral plane (NP) away 
from the central plane (CP) and away from the beam or 
diaphragm surface to which the strain gauges 74 are 
bonded. 

In particular, the embodiments of FIGS. 15 and 41 to 
45 provide a plurality of distinct recesses 64 in the beam 
or diaphragm and arrange such recesses 64 to provide in 
the beam or diaphragm distinct first, second, third and 
fourth isthmi 123, 124, 125 and 126 between adjacent 
pairs of recesses 64. Distinct first, second, third and 
fourth strain gauges 74 are bonded, respectively, to the 
first, second, third and fourth isthmi 123, 124, 125 and 
126, 
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As seen in FIGS. 41 and 42, further recesses 128 may 
be provided in the diaphragm 120 in addition to the 
recesses 64 providing the first, second, third and fourth 
isthmi 123 to 126. In particular, as in the case of the 
embodiment shown in FIGS. 15 to 16e, as many further 
recesses 128 may be provided as required to form a 
lacunose beam or diaphragm region displacing the neu 
tral plane (NP) relative to the central plane (CP). Ac 
cording to the embodiment shown in FIGS. 41 and 42, 
the further recesses 128 and the recesses 64 providing 
the isthmi 123 to 126 are located in an annular region 
129 encompassing a central region 130 on the dia 
phragm 121. As indicated in FIG. 41 by dotted lines at 
132, at least some of the further recesses 128 may be 
interconnected by yet further recesses or interconnect 
ing grooves in the diaphragm 121. 
According to the embodiment shown in FIGS. 43 to 

45, one of the distinct recesses 64 is a central recess in a 
central region 131 of the diaphragm. The other of the 
distinct recesses 64 are situated around the central re 
cess in a planetary manner between such central recess 
or central region 131 and a circumferential edge region 
84 of the diaphragm. 
The first isthmus 123 may then be located between 

the central recess and a first one of the other recesses, 
and the second isthmus 124 may be located between the 
central recess and a second one of the other recesses. 
The third isthmus 125 may be located between a third 
and fourth of the other recesses, and the fourth isthmus 
126 between a fifth and sixth of the other recesses 64. 
Two of the isthmi preferably are located, respectively, 
between two different pairs of the other recesses 64, as 
seen, for instance, at the right and left-hand sides of 
FIG. 43. 
As already indicated, the apertures 64 in FIGS. 41 to 

45 and the apertures 128 in FIGS. 41 and 42 may be 
viewed as providing a lacunose surface region on the 
diaphragm 121 or 122, with strain gauges bonded to the 
diaphragm in coincidence with regions located between 
lacunae on the lacunose surface region. In particular, 
isthmi 123 to 126 are formed between lacunae of the 
lacunose surface region, and strain gauges are bonded to 
the diaphragm 121 or 122 in coincidence with such 
isthmi. Recesses 132 as indicated in FIG. 41 may be 
provided to interconnect lacunae of the lacunose sur 
face region. Such lacunae 64 and 128, and any recesses 
132, preferably are provided by selectively etching 
material from the diaphragm. Reverting now to the 
preferred embodiment of my invention shown in FIGS. 
21 to 24, the diaphragm 71 has a circumferential edge 
region 84 and a raised central portion 78 spaced in 
wardly from the circumferential edge region and inte 
gral with the diaphragm 71. 
A first pennisula 131 extends from the edge region 84 

towards, but is spaced from, the central portion 78 and 
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is connected to the edge region 84 by a first isthmus 123. 
A second peninsula 132 extends from the edge region 84 
towards, but is spaced from, the central portion 78 op 
posite the first peninsula 131, and is connected to the 
edge region 84 by a second isthmus 124. A third penin 
sula 133 extends from the central portion 78 towards, 
but is spaced from, the edge region 84 and is connected 
to the central portion 78 by a third isthmus 125. A 
fourth peninsula 134 extends from the central portion 78 
towards, but is spaced from, the edge region 84 opposite 
the third peninsula 133, and is connected to the central 
portion 78 by a fourth isthmus 126. First, second, third 
and fourth strain gauges 74 are bonded to the dia 
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phragm 71 along the first, second, third and fourth 
isthmi 123, 124, 125 and 126, respectively. 
The first and third peninsulas 131 and 133 are prefera 

bly arranged in a first pair 136 of adjacent but distinct 
peninsulas. Similarly, the second and fourth peninsulas 
132 and 134 are preferably arranged in a second pair 134 
of adjacent but distinct peninsulas. Further isthmi may 
be provided between the central portion 78 and edge 
region 84. In particular, fifth and sixth isthmi 141 and 
142 may extend from the edge region 84 to the central 
portion 78 along opposite side of the first pair 136. Simi 
larly, seventh and eighth isthmi 143 and 144 may extend 
from the edge region 84 to the central portion 78 along 
opposite sides of the second pair 137. In practice, the 
additional isthmi 141 to 144 serve to isolate the strain 
gauges 74 from externally induced stresses, such as 
hoop stresses due to lateral depression of the dia 
phragm, and stresses induced in the mounting process 
by the tightening of fasteners and otherwise. 
A first curved recess 146 may be located in the dia 

phragm 71 between the edge region 84 and the central 
portion 78 and may extend from the fifth isthmus 141 to 
the seventh isthmus 143. Similarly, a second curved 
recess 148 may be located in the diaphragm 71 between 
the edge region 84 and the central portion 78 and may 
extend opposite the first curved recess 148 from the 
sixth isthmus 142 to the eighth isthmus 144. 
FIG. 23 shows a fraction of the diaphragm 71 shown 

more fully in FIGS. 21 and 22, or may be viewed as an 
application of the teachings of the embodiment of 
FIGS. 21 and 22 to a beam or other stress distribution 
plate 149. 
As seen, for instance, in FIG. 24, the neutral stress 

plane (NP) is displaced away from the central plane 
(CP) and from the strain gauges 74 to provide a consid 
erable mechanical advantage (MA) or amplification of 
tension (T) and compression (C) components. To calcu 
late the approximate mechanical advantage (MA) or 
amplification of a particular design, the distance (AM) 
between the center plane (CP) and the neutral plane 
(NP) must be determined. This can be done by section 
ing the beam or diaphragm normal to the center plane 
(CP) and the strain gauge at the point of maximum 
compression (C) or tension (T), or apex, and dividing 
the cross sectional area so that the two divided areas are 
equal on both sides of this line or plane. This is the 
neutral plane (NP) and is parallel to the central plane 
(CP) and the distance between the two planes is the 
distance AM. 
The section of a beam is defined by its outline. How 

ever, in the case of a diaphragm, the section must be 
limited to a distance approximately equal to the active 
length of the strain gauge on both sides of the strain 
gauge, for the purposes of the subject calculation. Re 
ferring to the beam or diaphragm section shown in FIG. 
24, we may designate the maximum diaphragm thick 
ness by the letter t. In a prototype of the diaphragm 
shown in FIGS. 21 to 24, the maximum diaphragm 
thickness, t, was 0.152 mm and the effective length of a 
strain gauge 74 was 1.824 mm. The distance of the cen 
tral plane (CP) from the right-hand side of the section 
shown in FIG. 24 was equal to t/2 or 0.076 mm. 
The effective area of the beam or diaphragm to the 

left of the central plane (CP) as seen in FIG. 24 was 
0.039 mm2. On the other hand, the area to the right of 
the central plane (CP) as seen in FIG. 24 was 0.138 
mm2, providing for a total sectional area of 0.177 mm? 
and a value of 0.088 mm2 for half that area. 
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To calculate the distance, AM, between the central 
plane (CP) and the neutral plane (NP) we may use the 
following equation: 

AM=et/2-A2/ (2) 

wherein 
t=maximum diaphragm thickness, 
A= total effective section area, and 
l=active length as defined above. 
Applying the above mentioned appropriate millime 

ter (mm) values to equation (2), we obtain a AM of 0.028 
mm or 0.19t. 
For the mechanical amplification, MA, we may basi 

cally write: 

MA = e2/e (3) 

wherein: 
e1 = strain of conventional diaphragm/beam, and 
e2=amplified strain. 
In order to enable a comparison between a conven 

tional, uniform thickness diaphragm and the lacunose or 
mesa/recess diaphragms according to the subject inven 
tion, we may write: 

MA = t2/t--2AM/t (4) 

wherein: 
t1=thickness of uniform-thickness diaphragm, and 
t2=maximum thickness (previously t) of diaphragm 

according to invention. 
Employing the value set forth above fort for the case 

of equal diaphragm thicknesses (t1 = t2) and using the 
above mentioned calculated value for AM, we obtain 
pursuant to equation (4) a calculated value for the me 
chanical advantage or amplification (MA) of 1.368. 
The mechanical amplification is even more substan 

tial if the total thickness of a diaphragm according to 
the subject invention has been substantially increased 
over the thickness of a uniform-thickness prior-art dia 
phragm. For instance, if we assume that the above value 
of t of 0.152 mm represents twice the thickness of a 
given uniform-thickness diaphragm, we may find with 
the aid of equation (4) that the mechanical advantage 
(MA) or amplification is eqyal to 2.736. In practice, 
amplifications by a factor of more than three are readily 
attainable. 

In addition to this amplification, I thus obtain the 
advantages of an increased overall diaphragm thickness 
in terms of increased stability and low drift. At the same 
time, the mass of my diaphragm relative to its overall 
thickness is kept low by the disclosed recesses, whereby 
a favorable frequency response is achieved. 

Similarly, advantageous considerations apply to my 
other embodiments, including the embodiments shown 
in FIGS. 25 to 29. 

In particular, distinct first, second, third and fourth 
isthmi 123,124, 125 and 126 are provided in the beam or 
diaphragm, each having a longitudinal dimension. As 
shown in FIG. 25, the first, second, third and fourth 
isthmi 123 to 126 are arranged to extend along their 
longitudinal dimensions in series between opposite mar 
ginal diaphragm or beam regions 151 and 152. First, 
second, third and fourth strain gages 74 are bonded, 
respectively, to the first, second, third and fourth isthmi 
123, 124, 125 and 126, as seen in FIG. 25. The isthmi 
123, 124, 125 and 126 may extend with their longitudinal 
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dimensions in parallel to a diaphragm diameter extend 
ing between opposite marginal diaphragm regions. 
According to the embodiment shown in FIGS. 28 

and 29, a first pair 136 of isthmi 123 and 125, having 
longitudinal dimensions, is provided in the beam or 
diaphragm. Similarly, a second pair 137 of isthmi 124 
and 126, having longitudinal dimensions, is also pro 
vided in the beam or diaphragm. The first and second 
pair of isthmi 136 and 137 are arranged to extend with 
their longitudinal dimensions in series between opposite 
marginal diaphragm or beam regions 151 and 152. 

First, second, third and fourth strain gauges 74 are 
bonded, respectively, to the first, second, third and 
fourth isthmi 123 to 126. As seen in FIG. 28, the longitu 
dinal dimensions of the isthmi 123 and 125 in the first 
pair 136 may be arranged in parallel, while the longitu 
dinal dimensions of the isthmi 124 and 126 in the second 
pair 137 may also be arranged to extend in parallel with 
each other and, if desired, in parallel with the longitudi 
nal dimensions of the isthmi in the first pair 136. 
The stress distribution plates, beams or diaphragms 

according to my invention have a wide range of utility, 
including the transducer field, in a wide range of loads, 
including high, medium and low pressure applications. 
As an important feature, the principles of my invention 
enable work at extremely low pressures, such as pres 
sures below one-half pound per square inch (psi) and 
even as low as one-tenth psi and less. 
The latter aspect of my invention will now be ex 

plained with the aid of the right-hand side of FIGS. 21 
and 22. By way of background, the patterns of mesas 
and recesses 72 and 73 or peninsulas and isthmi may, 
and preferably should, be symmetrical relative to, or 
identical on both sides of, a central axis which, for in 
stance, may be a central axis of a diaphragm or stress 
distribution plate, or a longitudinal or transverse axis of 
a beam, depending on configuration and application. 
Accordingly, the patterns of mesas and recesses or pen 
insulas and isthmi typically would be the same on both 
right and left hand sides of FIG.S. 21 and 22; that is, 
either the same as shown for the left-hand side or the 
same as shown and presently to be discussed for the 
right-hand side of FIGS. 21 and 22. 

In this respect, the presently discussed right-hand 
side of the illustrated stress distribution plate or beam 
also has its neutral stress plane (NP) displaced from the 
central plane (CP), as previously disclosed with respect 
to FIG. 24, for instance. 

In addition to mesas and recesses on the first surface 
63, the predetermined pattern shown in the right-hand 
side of FIGS. 21 and 22 includes apertures 156 penetrat 
ing the plate or diaphragm 71 through the first and 
second surfaces 63 and 65 or, in other words, through 
its entire thickness. The apertures 156 in particular pen 
etrate the plate or diaphragm adjacent the mesas and 
recesses in the first surface 63. This feature may also be 
applied to the recesses 146 and 148 which, accordingly, 
may be partially or fully replaced by through holes or 
apertures 157 and 158 penetrating the thickness of the 
plate or diaphragm 71 through the first and second 
surfaces 63 and 65. 

Because of the presence of the penetrating apertures 
156, the recesses 73 may be reduced to narrower reces 
ses 173 defining the isthmi 124 and 126 of the peninsulas 
132 and 134. By way of example, if the plate or dia 
phragm structure is provided by etching, then the plate 
or diaphragm would be etched through its thickness at 
the apertures 156 to 158, but would be etched for only 
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a certain portion of its thickness from the first surface 63 
for a provision of the recesses 173, as best seen in FIG. 
22. In practice, the apertures 156 and 158 could be pro 
vided by simultaneous etching from both surfaces. 

In accordance with a preferred embodiment of my 
invention, one or more grooves or recesses 161 may be 
provided in the second surface 65, so as to interconnect 
the apertures 156. 

In particular, the stress distribution plate or dia 
phragm 71 may comprise an edge region 84 and a raised 
portion 78 spaced from the edge region and integral 
with the plate 71. A first peninsula 132 extends from the 
edge region 84 to the spaced portion 78 and is con 
nected to the edge region 84 by a first isthmus 124. A 
second peninsula 134 extends from the spaced portion 
78 to the edge region 84 and is connected to the spaced 
portion 78 by a second isthmus 126. Mutually spaced 
apertures 156 penetrate the plate 71 adjacent the penin 
sulas 132 and 134 and isthmi 124 and 126. A third isth 
mus interconnects the first peninsula 132 with the 
spaced portion 78, while a fourth isthmus interconnects 
the second peninsula 134 with the edge region 84. These 
third and fourth isthmi are formed by or extend adja 
cent the grooves or recesses 161. The previously men 
tioned lateral isthmi 143 and 144 may be omitted for 
extreme sensitivity or may be retained for high stability. 
In the latter case, the previously mentioned apertures 
157 and 158 may be provided between and through the 
first and second plate surfaces 63 and 65. 
When pressure is applied to the plate or diaphragm 

75, the third and fourth isthmi provide fulcrums adja 
cent the grooves or recesses 161, as shown at 162 in 
FIG. 2. Such fulcrum mounts offer a minimum of resis 
tance to movement of the central region of the plate or 
diaphragm in response to pressure. 
A very high-sensitivity response of the strain gauges 

74 is thus accomplished. At the same time, the substan 
tial mechanical advantage or amplification previously 
described is preserved. 

Ideally this reduces the need for the type of elec 
tronic amplification which, prior to the subject inven 
tion, would amplify not only the desired transducer 
output signal, but also noise and manifestations of non 
linearlity. 

In cases where pressure is picked up directly, a pres 
sure sensing element, such as a diaphragm of the type 
shown at 76 in FIGS. 26 and 29, may be employed, in 
which case the plate 71 is a diaphragm in a figurative 
sense. For example, the diaphragm 76 and force transfer 
rod 77 shown in FIGS. 26 and 29 may be employed for 
picking up pressure and transferring such picked-up 
pressure force to the central portion 78 of the stress 
distribution plate 71 shown in FIGS. 21 and 22. 
The subject invention and embodiments thereof meet 

the initially mentioned objectives in an advantageous 
and relatively low-cost manner. 
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The subject extensive disclosure renders apparent or 
suggests various modifications and variations within the 
spirit and scope of the invention to those skilled in the 
art. 

I claim: 
1. An improved transducer diaphragm for mounting 

around its periphery to a cylindrical spacer, said dia 
phragm comprising a plate having an even back surface 
and a multilevel front surface, which multilevel front 
surface includes an upper level spaced from said back 
surface, a lower level closer to said back surface than 
said upper level, and at least two symmetrically posi 
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tioned recess portions at said lower level overlying a 
maximum strain amplitude section of the plate, and a 
strain gauge mounted on said lower level of the multi 
level front surface in each of said recesses. 

2. A diaphragm as claimed in claim 1, wherein: 
said diaphragm is intended to measure pressure exerted 

against said back surface, and wherein a strain gauge 
is mounted on said lower level of the multilevel front 
surface in said recess portions which overlie a maxi 
mum compression strain amplitude section of the 
plate. 
3. An improved transducer diaphragm comprising: 

an outer peripheral portion having a thickness greater 
than and separated by a boundary from its central 
sensory portion, said boundary defining at least one 
offset of said central portion extending into and par 
tially bounded by said peripheral portion for receiv 
ing a strain gauge which can be mountable solely on 
said central sensory portion having a thickness 
smaller than said peripheral portion and substantially 
overlying the location of maximum compression am 
plitude of the diaphragm. 
4. The diaphragm as claimed in claim 3, including: 

at least two offsets of said central portion on opposite 
edges of the diaphragm. 
5. A stress distribution plate for a pressure transducer 

having a central plane and a neutral stress plane, the 
neutral stress plane being displaced from the central 
plane, a first surface and a second surface, a predeter 
mined pattern of mesas and recesses on the first surface 
and apertures penetrating the plate through the entire 
thickness of said plate including said first and second 
surfaces adjacent said mesas and recesses, and means for 
actuating the plate. 

6. A plate as claimed in claim 5, including: 
a recess in said second surface interconnecting said 

apertures. 
7. In a stress distribution plate, the improvement com 

prising in combination: 
an edge region and a raised portion spaced from said 
edge region and integral with said plate; 

a first peninsula extending from said edge region to said 
spaced portion and being connected to said edge 
region by a first isthmus; 

a second peninsula extending from said spaced portion 
to said edge region and being connected to said 
spaced portion by a second isthmus; 

mutually spaced apertures penetrating said plate 
through its entire thickness adjacent said peninsulas 
and isthmi; 

a third isthmus interconnecting said first peninsula with 
said spaced portion; 

a fourth isthmus interconnecting said second peninsula 
with said edge region; 

first and second strain gauges bonded to said diaphragm 
along said first and second isthmi, respectively; and 

means for actuating said spaced portion. 
8. A stress distribution plate for a pressure transducer 

having a central plane and a neutral stress plane, the 
neutral stress plane being displaced from the central 
plane, and said plate having a tetraplanar configuration, 
with a portion of said plate between a first plane and a 
second plane of said tetraplanar configuration sloping at 
like angles to said first and second planes. 

9. In a pressure transducer having a housing and a 
strain gauge plate mounted therein, the strain gauge 
plate having a first surface for the mounting of at least 
one strain gauge thereon, and a second surface, and also 
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having a stress plane and a neutral pressure plane, the 
improvement comprising: 
means including said strain gauge plate having a plural 

ity of recesses in said first surfaces for displacing the 
neutral stress plane from the central plane and aper 
tures penetrating said plate through the entire thick 
ness of the plate including said first and second sur 
faces; 

strain gauge means mounted on said first surface be 
tween said recesses; and 

means connected to said plate for picking up pressure 
and transferring a picked-up pressure force to a cen 
tral portion of said plate. 
10. A pressure transducer as claimed in claim 9, 

wherein: 
said neutral stress plane is located between the central 

plane and the second surface. 
11. A pressure transducer as claimed in claim 9 or 10, 

wherein: 
said strain gauge means include strain gauge elements 
connected in a Wheatstone bridge arrangement and 
individually mounted between recesses on said first 
surface. 
12. In a transducer diaphragm, the improvement 

comprising in combination: 
a recess in said diaphragm encompassed by a circumfer 

ential edge region of said diaphragm; 
a promontory projecting from said edge region into said 

recess and being integral with said diaphragm; and 
a strain gauge bonded to said diaphragm in coincidence 

with said promontory. 
13. A diaphragm as claimed in claim 12, wherein: 

said strain gauge extends from coincidence with said 
promontory into coincidence with part of said edge 
region adjacent said promontory. 
14. A diaphragm as claimed in claim 12, wherein: 

said promontory has the form of a peninsula located in 
said recess and connected to said edge region by an 
isthmus; and 

said strain gauge is bonded to said diaphragm in coinci 
dence with said isthmus and with adjacent portions of 
said peninsula and of said edge region. 
15. A diaphragm as claimed in claim 12, 13 or 14, 

including: 
a raised island located in said recess and spaced from 

said promontory and from said edge region and inte 
gral with said diaphragm; and 

a further strain gauge bonded to said diaphragm in 
coincidence with said island. 
16. A diaphragm as claimed in claim 15, wherein: 

said spaced island has an isthmus interconnecting two 
main portions of said island; and 

said further strain gauge is bonded to said diaphragm in 
coincidence with said isthmus of said spaced island. 
17. In a transducer diaphragm, the improvement 

comprising in combination: 
a recess in said diaphragm encompassed by a circumfer 

ential edge region of said diaphragm; 
a first promontory projecting from said edge region into 

said recess and being integral with said diaphragm; 
a second promontory separate from said first promon 

tory and projecting from said edge region into said 
recess diametrically opposite from said first promon 
tory and being integral with said diaphragm; 

a first strain gauge bonded to said diaphragm in coinci 
dence with said first promontory; and 

a second strain gauge bonded to said diaphragm in coin 
cidence with said second promontory. 
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18. A diaphragm as claimed in claim 17, wherein: 

said first strain gauge extends from coincidence with 
said first promontory into coincidence with a first 
part of said edge region adjacent said first promon 
tory; and 

said second strain gauge extends from coincidence with 
said second promontory into coincidence with a sec 
ond part of said edge region adjacent said second 
promontory. 
19. A diaphragm as claimed in claim 17, wherein: 

said first promontory has the form of a first peninsula 
located in said recess and connected to said edge 
region by a first isthmus; 

said second promontory has the form of a second penin 
sula located in said recess, spaced from said first pe 
ninsula, and connected to said edge region by a sec 
ond isthmus; 

said first strain gauge is bonded to said diaphragm in 
coincidence with said first isthmus and adjacent por 
tions of said first peninsula and said edge region; and 

said second strain gauge is bonded to said diaphragm in 
coincidence with said second isthmus and adjacent 
portions of said second peninsula and said edge por 
tion. 
20. A diaphragm as claimed in claim 17, 18 or 19, 

including: 
a raised island located in said recess and spaced from 

said first and second promontories and from said edge 
region and integral with said diaphragm; and 

a third strain gauge bonded to said diaphragm in coinci 
dence with said island. 
21. A diaphragm as claimed in claim 20, wherein: 

said spaced island has an isthmus interconnecting two 
main portions of said island; and 

said third strain gauge is bonded to said diaphragm in 
coincidence with said isthmus of said spaced island. 
22. A diaphragm as claimed in claim 17, 18 or 19, 

including: s 

first and second raised islands located in said recess at 
opposite sides of said first and second promontories 
and being spaced from said first and second promon 
tories and from each other and integral with said 
diaphragm; 

a third strain gauge bonded to said diaphragm in coinci 
dence with said first island; and 

a fourth strain gauge bonded to said diaphragm in coin 
cidence with said second island. 
23. A diaphragm as claimed in claim 22, wherein: 

said first island has a first insular isthmus interconnect 
ing two main portions of said first island; 

said second island has a second insular isthmus intercon 
necting two main portions of said second island; 

said third strain gauge is bonded to said diaphragm in 
coincidence with said first insular isthmus; and 

said fourth strain gauge is bonded to said diaphragm in 
coincidence with said second insular isthmus. 
24. In a transducer diaphragm, the improvement 

comprising in combination: 
a central portion on said diaphragm having first radial 

projections, and a circumferential edge region of said 
diaphragm having second radial projections and en 
compassing said central portion and first radial pro 
jections, a recess in said diaphragm separating said 
central portion and first radial projections from said 
edge region and second radial projections; and 

strain gauges bonded to said diaphragm in coincidence 
with said projections. 
25. A diaphragm as claimed in claim 24, wherein: 
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said recess extends perimetrically about said central 
portion and first radial projections and inside of said 
edge region and second radial projections. 
26. A diaphragm as claimed in claim 24, wherein: 

said recess is a sinuous recess. 
27. A diaphragm as claimed in claim 24, wherein: 

said first and second projections are interdigitated with 
each other. 
28. A diaphragm as claimed in claim 24, wherein: 

said central portion and first radial projections form a 
star pattern in said recess. ' 
29. A diaphragm as claimed in claim 28, wherein: 

said second radial projections are complementary with 
said star pattern. 
30. In a transducer diaphragm, the improvement 

comprising in combination: 
a circumferential edge region and a raised central por 

tion spaced inwardly from said circumferential edge 
region and integral with said diaphragm; 

diametrically opposed first and second isthmi intercon 
necting said edge region with said inwardly spaced 
central portion and being bounded by first and second 
recesses in said diaphragm extending between said 
edge region and said central portion; 

diametrically opposed and mutually spaced third and 
fourth isthmi in said central portion distinct from said 
first and second isthmi and being bounded by a third 
recess extending in and through a center of said raised 
central portion between said third and fourth isthmi; 
and 

first, second, third and fourth strain gauges bonded to 
said diaphragm in coincidence with said first, second, 
third and fourth isthmi, respectively. 
31. In a transducer diaphragm, the improvement 

comprising in combination: 
a circumferential edge region and a raised central por 

tion spaced inwardly from said circumferential edge 
region and integral with said diaphragm; 

diametrically opposed first and second isthmi intercon 
necting said edge region with said inwardly spaced 
central portion and being bounded by first and second 
recesses extending in said diaphragm between said 
edge region and said central portion; 

diametrically opposed and mutually spaced third and 
fourth isthmi in said central portion distinct from said 
first and second isthmi and being bounded by third 
and fourth recesses extending in said raised central 
portion inside of said first and second recesses; and 

first, second, third and fourth strain gauges bonded to 
said diaphragm in coincidence with said first, second, 
third and fourth isthmi, respectively. 
32. A diaphragm as claimed in claim 30, wherein: 
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said first and second isthmi extend along a diameter of 
said diaphragm; and 

said third and fourth isthmi extend in parallel to said 
diameter. 
33. A diaphragm as claimed in claim 30, wherein: 

said third isthmus is also bounded by said first recess 
and said fourth isthmus is also bounded by said sec 
ond recess. 
34. A diaphragm as claimed in claim 30 or 31, 

wherein: 

60 

said first and second isthmi extend along a diameter of 65 
said diaphragm. 
35. In a transducer diaphragm, the improvement 

comprising in combination: 

26 
a circumferential edge region and a raised central por 

tion spaced inwardly from said circumferential edge 
region and integral with said diaphragm; 

a first peninsula extending from said edge region 
towards, but being spaced from, said central portion 
and being connected to said edge region by a first 
isthmus; 

a second peninsula extending from said edge region 
towards, but being spaced from, said central portion 
opposite said first peninsula, and being connected to 
said edge region by a second isthmus; 

a third peninsula extending from said central portion 
towards, but being spaced from, said edge region and 
being connected to said central portion by a third 
isthmus; 

a fourth peninsula extending from said central portion 
towards, but being spaced from, said edge region 
opposite said third peninsula, and being connected to 
said central portion by a fourth isthmus; and 

first, second, third and fourth strain gauges bonded to 
said diaphragm along said first, second, third and 
fourth isthmi, respectively. 
36. A diaphragm as claimed in claim 35, including: 

further isthmi between said central portion and edge 
region. 
37. A diaphragm as claimed in claim 35, wherein: 

said first and third peninsulas are arranged in a first pair 
of adjacent but distinct peninsulas; and 

said second and fourth peninsulas are arranged in a 
second pair of adjacent but distinct peninsulas. 
38. A diaphragm as claimed in claim 37, including: 

fifth and sixth isthmi extending from said edge region to 
said central portion along opposite sides of said first 
pair; and 

seventh and eight isthmi extending from said edge re 
gion to said central portion along opposite sides of 
said second pair. 
39. A diaphragm as claimed in claim 38, including: 

a first curved recess located in said diaphragm between 
said edge region and said central portion and extend 
ing from the fifth isthmus to the seventh isthmus; and 

a second curved recess located in said diaphragm be 
tween said edge region and said central portion and 
extending opposite said first curved recess from the 
sixth isthmus to the eighth isthmus. 
40. In a transducer diaphragm, the improvement 

comprising in combination: 
distinct first, second, third and fourth isthmi in said 

diaphragm, each having a longitudinal dimension; 
said first, second, third and fourth isthmi extending 

along their longitudinal dimensions in series between 
opposite marginal diaphragm regions; and 

first, second, third and fourth strain gauges bonded, 
respectively, to said first, second, third and fourth 
isthmi. 
41. A diaphragm as claimed in claim 40, wherein: 

said isthmi extend with their longitudinal dimensions in 
parallel to a diaphragm diameter extending between 
said opposite marginal diaphragm regions. 
42. In a transducer diaphragm, the improvement 

comprising in combination: 
a first pair of isthmi in said diaphragm having longitudi 

nal dimensions; 
a second pair of isthmi in said diaphragm having longi 

tudinal dimensions; 
said first and second pairs of isthmi extending with their 

longitudinal dimensions in series between opposite 
marginal diaphragm regions; and 
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first, second, third and fourth strain gauges bonded, 
respectively, to said first, second, third and fourth 
isthmi. 
43. A diaphragm as claimed in claim 42, wherein: 

the longitudinal dimensions of the isthmi in said first 
pair extend in parallel to each other; and 

the longitudinal dimensions of the isthmi in said second 
pair extend in parallel to each other. 
44. In a transducer diaphragm, the improvement 

comprising in combination: 
a plurality of distinct recesses in said diaphragm provid 

ing distinct first, second, third and fourth isthmi be 
tween adjacent pairs of said recesses; 

further recesses in said diaphragm in addition to said 
recesses providing said first, second, third and fourth 
isthmi; and 

distinct first, second, third and fourth strain gauges 
bonded, respectively, to said first, second, third and 
fourth isthmi. 
45. A diaphragm as claimed in claim 44, wherein: 

said further recesses and said recesses providing said 
isthmi are located in an annular region encompassing 
a central region on said diaphragm. 
46. A diaphragm as claimed in clain 44, wherein: 

at least some of said further recesses are interconnected 
by yet further recesses. 
47. In a transducer diaphragm, the improvement 

comprising in combination: 
a plurality of distinct recesses in said diaphragm provid 

ing distinct first, second, third and fourth isthmi be 
tween adjacent pairs of said recesses, one of said 
distinct recesses being a central recess in a central 
region of said diaphragm and the other of said distinct 
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28 
recesses being situated around said central recess in a 
planetary manner between said central recess and a 
circumferential edge region of said diaphragm; and 

distinct first, second, third and fourth strain gauges 
bonded, respectively, to said first, second, third and 
fourth isthmi. 
48. A diaphragm as claimed in claim 47, wherein: 

said first isthmus is located between said central recess 
and a first of said other recesses; and 

said second isthmus is located between said central 
recess and a second of said other recesses. 
49. A diaphragm as claimed in claim 48, wherein: 

said third isthmus is located between a third and fourth 
of said other recesses; and 

said fourth isthmus is located between a fifth and a sixth 
of said other recesses. 
50. A diaphragm as claimed in claim 47, wherein: 

two of said isthmi are located, respectively, between 
two different pairs of said other recesses. 
51. In a transducer diaphragm, the improvement 

comprising in combination: 
a lacunose surface region on said diaphragm; 
recesses in said surface region interconnecting lacunae 
of said lacunose surface region; and 

strain gauges bonded to said diaphragm in coincidence 
with regions located between lacunae of said lacu 
nose surface region. 
52. A diaphragm as claimed in claim 51, including: 

isthmi between lacunae of said lacunose surface region; 
and 

strain gauges bonded to said diaphragm in coincidence 
with said isthmi. 


